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INTRODUCTION
Measuring the quality of academic faculties is a task that is both easy and difficult. It can be extremely easy, because one has only to ask the apparent leaders in the academic discipline, record their assessments of the reputations of various faculties, and draw conclusions based on their opinions. This can be done in a single day.
A more rigorous approach is to examine quantitative factors that might go into the recipe for reputation. Chief among them is the number of publications. The implicit assumption is that an author with a great number of publications has his or her work read very frequently by others in the field, and that the more often a n author is read, the more impact he or she has on the thinking of others.
The difficulty with this line of reasoning is that it is based on quantity of production, because only the number of articles is tallied. There is no attempt to measure whether the articles have influence or, in fact, whether they are even read by anyone. It could be, for example, that an author might have published dozens of articles, but none of the articles were ever used by anyone else to shape their thinking. In that case, an author rated fairly high in production quantity would be rated very low on measures of impact on others.
Impact measures would be very valuable, but they are elusive. It would not seem to be an easy task to determine the impact of the 4,918 full time faculty members with doctoral degrees at 51 leading US business schools. That task was accomplished using citation analysis, however, and the results are presented here as a series of rankings of the productivity of each school's business research in eight academic disciplines.
BACKGROUND ON CITATION ANALYSIS
Citation analysis is a process that measures the number of times a published article has been referenced in other articles worthy of publication. The overall concept is to regard an article as having impact if a subsequent author deems it important enough to merit citing it in her own published work. Authors, articles, and journals with the most citations can logically be considered to have had the most impact. The process can be used to measure that impact of individual articles, the impact of the authors of those articles, the impact of institutions, or the impact of groups of articles. In this particular case, it measures the impact of one school's faculty in a given discipline.
Citation analysis became an accepted method for analysis of research quality in the natural sciences in the early 1960s following the introduction of the Science Citation Index (SCI). In 1969, the Social Science Citation Index (SSCI) became a new source of information about the citation practices of major journals in the social sciences. Since that time the number of social science journals included in SSCI has grown to about 1,700, with many of the journals including all citations dating back to 1975.
A citation is recorded when an article in one of the 1,700 journals indexed by SSCI has referenced a previous work, and that previous work is credited with the citation. Citation analysis is an established procedure for the analysis of contributions to knowledge, dissemination of knowledge, and extent of knowledge exchange in a given field (Garfield 1979) , and is a way of tracing the development of thought in a discipline. Citation analysis can be used for several purposes, including evaluation of scientists, publications and institutions, investigation of hypotheses concerning the history or sociology of science and technology; and in the study of information search and retrieval procedures. (Peritz 1992) .
Citation analysis has several advantages over other methods of evaluating research productivity in that it is objective, quantifiable, and a logical measure of quality. It is evidence that an article has not only been published, but has been read and referenced by someone else in an article good enough to be published in a journal included in the SSCI. The reference provides evidence of influence on the author who referenced it. As a quantifiable indication of influence on the work of others, it is an objective measure of research quality. Citation analysis has also been correlated with scientific productivity and peer judgments of performance (Bayer and Folger 1966) .
Citation analysis is not without issues, and citation practices vary greatly by author. A critical review of citations analysis by MacRoberts and MacRoberts (1989) examined the issues in use of citation counts, including biased citing, self-citing, and difficulties in treating citations of multiple authors for an article. The article also noted variations in citation rate related to type of publication, nationality, time period, and size of specialty area. Low citation rates for many journal articles suggest much of published work in social science journals does not get read (Mahoney 1987 , Hamilton 1991 .
The first known use of citations in the marketing discipline was the measurement of the impact of marketing scholars and institutions over the four-year period 1972 -1975 (Robinson and Adler 1981 . The accounting discipline began to use citation analysis to assess the impact of journals and articles in accounting research (Brown and Gardner 1985) . In 1990, the Journal of Financial Economics provided citation index rankings, and Alexander and Mabry (1994) ranked journals based on the number of citations, and identified the 50 most cited journals and the 50 most-cited authors in finance for the time period 1987 -1991 . Borokhovich, Bricker, and Simkins (1994 studied 15,110 footnotes appearing in 685 articles in eight major finance journals for 1990-1991, and concluded that two journals provided the research core of finance research, most journals publish in a greater variety of areas than they have influence, and there was a low level of borrowing across disciplines.
The applied operations research journal Interfaces used citations analysis to examine 1,294 articles, 2,194 authors, and over 2,500 citations over a 23 year period (Gupta 1997) . Gupta found that about 48 percent of articles were never cited, and the average number of citations for those with at least one citation was 3.63. He also found that most citations occurred in the first three years after publication. Vincent and Ross (2000) provide perhaps the strongest recent review of the literature on citations analysis, and its uses and potential uses in business research. Both advantages and pitfalls are highlighted in their work.
METHOD
This study was designed to extend previous work done by authors who identified and ranked business schools based on measures of research productivity. Earlier work in this area was limited in scope, due primarily to a limited ability to access relevant data. For instance, most studies of business school research productivity focused on a specific discipline, or on a specific journal for a limited time period.
The design of the present study benefits from recent advances in information technology. The researchers were able to gather all data needed for the study by using unobtrusive means. The study was divided into three phases.
The first phase began by identifying the set of US business schools ranked in the top 30 at least one time by wellknown business school ranking systems (Business Week, US News and World Report, and Financial Times) over the period 1988 to 2003. The next step was to identify the faculty members to be included in the study, and to record the following data for each.
-Last Name, First Name, Middle Initial(s) -Current School -Current academic rank (Assistant, Associate, Full, Endowed Chair, Other) -Current academic title (full title as listed on the school's website) -Ph.D. School, year, and discipline(s) -Primary teaching/research discipline -Secondary teaching/research discipline; School websites varied greatly in the amount of information available. For those instances when supplemental information was needed, the researchers used Digital Dissertations, internet search engines, and directories for faculty (Hasselback, 2002) .
The second phase of the study gathered citations data for each of the 4.918 faculty members identified in the first phase. The researchers used the Web of Knowledge to gather lifetime citations data from online data compiled and updated weekly by the Institute for Scientific Knowledge (ISI) from the SSCI. The endnote provides details about the process used to develop lifetime citation counts. All citation counts were captured between March 1 and June 30, 2003.
The third phase ranked the 51 business schools in various ways using the citation count data. Total and average citation counts were developed for the faculty members of the 51 schools, so rankings could be generated for the 51 schools and for eight academic disciplines within the 51 schools. The resulting rankings based on citation counts were compared with rankings for the disciplines developed US News and World Report for perceived research quality.
RESULTS
The results were based on 1,497,162 citations, which was a snapshot of the lifetime citation counts for the 4,918 full time faculty members at the 51 business schools included in the study. The faculty members at these schools were then sorted into eight academic disciplines of interest, which were: accounting, economics, finance, information systems, marketing, management science, organizational behavior, and strategy. Ranked lists of the top 25 schools in each disciple were then developed. The eight columns show the rank order for each university in a given discipline. The order is based on the mean number of citations for the business faculty within the discipline under examination. The mean number was chosen as the primary indicator, in order to more accurately reflect the research productivity of each faculty member.
The table shows that a surprisingly large number of schools dominate the lists. Four schools were ranked within the top 30 for all eight disciplines (i.e. Chicago, Harvard, MIT, and Stanford) but nine schools were within the top 30 seven times, and nine additional schools were ranked six times.
Tables 2 through 9 show rankings for faculties based on the mean number of citations per faculty member. The total number of citations is also shown, along with rankings on that measure, although ranking by total citations obviously favors schools with large faculties. Faculty size is given. There is a comparison with the ranking generated by US News and World Report in their 2003 update survey of the top schools in specialty areas of business for the six specialty areas that coincide with the eight under study. USNWR had surveyed deans and MBA directors at business schools to get "top 10" rankings for programs in those specialty areas .
The specialty programs keyed to the table number are Accounting (2), Economics (3), Finance (4), Information Systems (5), Marketing (6), Organizational Behavior (7), and Strategy (8). In each case, the top 25 schools in terms of mean citations are shown.
DISCUSSION
At first glance, the overall results of this study are what would have been expected. Four very prestigious schools were ranked within the top 30 for all eight disciplines (i.e. Chicago, Harvard, MIT, and Stanford). What was unexpected was that nine additional schools were within the top 30 seven times, and another nine schools reached that level six times. This means that there are a total of 22 schools with very solid performance across disciplines.
A second way to reach the same conclusion is to examine the number of schools that reached within the top three of the disciplines covered. Stanford and California reached these levels four times, MIT three times, and Duke twice. Eleven additional schools reached that level once (Chicago, Harvard, Northwestern, Ohio State, Pennsylvania, Penn State, Pittsburgh, Rice, Rochester, UCLA, and Yale). A total of 15 schools reaching into the top three says much for the depth of excellence across business schools.
Although there is a high degree of correspondence between the USNWR specialty rankings and the ones found through citation analysis, one may question why the correspondence is not greater. One possible reason is a difference in definition. For instance, this study included strategy and organization behavior, while USNWR had a category for management that included both strategy and organization behavior. Perhaps a more important difference is that of procedure. USNWR took essentially a reputational approach, surveying deans and MBA directors at business schools to get "top 10" rankings for these programs. The citation analysis provided results that were impartial, and not subject to individual opinion. It is not unreasonable that the results would be different.
There is a caution about using citation counts to compare faculty members from different disciplines with each other, because the disciplines differ in average numbers of citations. For example, the mean for all faculty members in this study was 311 citations, and the mean for five of the eight specialty areas was within 25 percent of that overall mean. The mean for economists, however, exceeded the overall mean by 49 percent and the organizational behaviorists exceeded it by 72 percent. On the other hand, the accountants were cited at an average rate 69 percent below the overall mean. This means the average number of citations for the organizational behaviorists was five and one half times that of accountants.
The reasons for the differences across disciplines are probably due to factors unrelated to research productivity, such as nature of discipline-specific research and the reference practices used by journals. Such outside influences limit the value of cross-discipline comparisons. Average citation counts tend to be lower for schools whose faculty includes a high percentage of accountants and be higher for schools with a high percentage of faculty members in organizational behavior or economics.
It is noteworthy that 29 of the 51 schools (57%) ranked in the top 10 for at least one discipline, and 17 out of 51 (33%) ranked there for at least two. This suggests that there are a number of schools with high research productivity in multiple specialty areas. A search for a strong business program should not stop at the level of the school, but instead extend down to the level of the discipline.
IMPLICATIONS
Citation analysis can be used as a scoring system by business school faculty, administrators, students, prospective students, alumni, donors, legislators, and others searching for evidence of excellence in research productivity for various business schools. The technique has the advantages of being empirical, unobtrusive, logical, simple, robust, and relatively unbiased. The major drawback to use of citation analysis has been the difficulty in creating the data that could be applied to large samples of schools and specialties. The present study shows that such a database can be constructed, given current information systems technology.
The database of nearly 1.5 million citations was not created merely to serve as a simple scoring system to rank research productivity in business schools, however. Citation analysis can also be used to trace the origin of a stream of research, almost as if one were tracing back ancestry on a genealogical chart. Along the way, citation analysis is an efficient way to answer simple and not so simple questions. Is the stream more heavily weighted towards books, articles, or monographs? Is the apparent popularity of specific source materials supported by hard data concerning their use by others? Which journals have had the most impact?
Which specific articles in a field have had the most impact? Are there otherwise-unrecognized separate streams of research that are discovered when one travels upstream from the present broad confluence of the research river? How have the answers to any of these questions changed over time? Citation analysis can provide answers to these and other questions in an extraordinarily efficient way.
Although it can be an invaluable research tool, an immediate use for citation analysis may be as an assessment tool. In that role, it can be used to create both rankings and ratings for schools, departments within schools, business journals, individual faculty members, and prospective faculty members. Many of these data build upon each other, but each brick in the foundation is part of the citation analysis. Schools can be assessed based on total citations, average citations, median citations, or combinations thereof. Comparisons can be made to any set of peer schools one may select. Although the research reported here used 1.5 million citations to assess 51 schools, the basic process can be applied to any set of schools or disciplines. In addition, any school or set of schools can be evaluated over a period of time to reflect trends in research productivity.
The assessment of research productivity at schools is based on the productivity of various constituent departments, and citation analysis can be used to make assessments at the department level with comparisons against peer departments or within the same department over time. Individual professors within a department can also be evaluated on the quality of research productivity, by using the same assessment tools and database. With controls to measure self-citations, the objective nature of citations analysis can be an important factor in evaluating research productivity component of promotion and tenure decisions.
Two other important assessment problems concerning personnel decisions can be addressed through citation analysis. The first concerns the evaluation of the vitae of prospective new faculty members, at which time citation analysis can add a quality dimension to the assessment of publications included in a vita. The second concerns decisions about the quality of the journal in which a professor's article may appear. This is a difficult problem because individuals in one discipline may be called upon to assess the quality of an unfamiliar journal for the purpose of evaluating the work of a colleague outside of their discipline.
The merit of journals can be assessed using citation analysis. What is the total number of citations a journal is receiving? What percent of articles in a given journal are cited? What is the percentage of articles cited by authors in other journals? How soon after publication are articles being cited? Over what duration are journal articles being used? How often are self-citations appearing? The authors have begun a research stream to address these questions. Schools, departments, journals, individual faculty members, and alumni are not the only elements that can be evaluated through the use of citation analysis. To paraphrase Vincent and Ross (2000) , the opportunities for assessment using citations analysis are unlimited. It is hoped that this article provides some insight into the potential that the technique holds for providing an accurate assessment of a number of elements related to faculty productivity in US business schools.
A NOTE ON HOW THE DATA ISSUES WERE HANDLED
Who was included and excluded in the study? All fulltime professors with doctorates were counted, including visiting professors tenured elsewhere. If a visiting faculty member were tenured at another top 51 school, the faculty member was included in the study as being at the school that granted tenure. The study excluded emeritus faculty and adjuncts (even if they had doctorates) as well as faculty listed as "all but dissertation," fulltime lecturers, and research associates without doctorates. Deans were included if there was evidence the dean had a record of research activity in an academic business discipline.
What was done when data were unavailable on the website of the business school? Missing information was located by accessing the Digital Dissertations lists of doctoral dissertations accepted, Hasselback's Guide(s) to Marketing and Accounting Professors, and internet search engines.
How were citation counts done? Citation counts were developed for all published work of each professor included in the study. The citation count process began with a review of the information available about the professor at the business school website. All business schools in the study included information about each member of the faculty. Many of the websites included both a biographical sketch and curriculum vitae for each professor.
The authors reviewed the available vitae information and went to the Web of Knowledge to get citation counts for the professor in two separate searches. The first search was of citations for the full last name, first and middle initial. Special care was taken to sort out the business school professor from any other cited authors with the same last name and first two initials. In several instances involving common names, the researchers had to make judgments based on the vita, the disciplines taught and researched, and the co-authors of the pieces.
The authors did a second citation count for each professor by using the last name and only the first initial. This additional search yielded about 30 per cent of the total citations in the study and was necessary because those who index the SSCI must index the footnotes in the form in which it is presented by the author(s) of the article they are indexing, and the footnote often has only has the last name and first initial. In this second search, numerous researchers in other fields were typically co-mingled with the business school researcher(s), so the judgment process described in the previous paragraph was necessary.
Which citations were included or excluded? Citations were included for both primary and secondary authors of journal articles indexed by the SSCI. For example, if Professor Wright was the first-listed author of an article and Professor Wong was a co-author of the article published in 1975 or later, then both authors receive full credit for all citations for the article.
Some journals were added to the SSCI in recent years. For years prior to being indexed by SSCI, primary authors were the only ones to receive credit for a citation of work that had multiple authors. For instance, Marketing Science began publication in 1982, but only articles published since 1987 attribute citations to secondary authors as well as primary authors. For some journals that either debuted or reached prominence after 1975, the start date for SSCI attribution of article citations to both primary and secondary authors may be after 1975. This limitation means citation counts for work done before SSCI began indexing the journal are only attributed to the primary author of multiple authored publications.
The citations count does include citations of one's own work. The authors found that there was no practical way to identify and omit self-citations on a mass basis, although that could be accomplished to respond to specific requests.
How were academic specialties selected for the faculty members included in this study? Academic specialties were developed by review of the 51 schools websites to determine the core specialties common to all schools: accounting, economics, finance, management information systems, management science, marketing, organization behavior, and strategy. Additional specialties included business law, business ethics, business history, risk and insurance, logistics, supply chain management, international business, international economics, public policy, real estate, entrepreneurship, negotiations, and electronic commerce. The additional specialties did not include enough faculty members at enough schools to permit meaningful analysis at the specialty level. All faculty members were included in any rankings of the 51 schools or doctoral programs.
